Introduction
Paracyclophanes and their derivatives build an exciting class of molecules, which is of great interest for the areas of polymer science, [1] advanced materials [2, 3] and catalysis. [4] Recently, we embarked on the exploration of functionalized paracyclophanes for the generation of soft-matter surfaces suitable for reaction at biological interfaces. [5, 6] The versatility of [2.2] paracyclophane chemistry, combined with the processibility of [2.2] paracyclophanes via chemical vapor deposition polymerization, [2] makes them ideal precursors for reactive polymer coatings useful in a wide range of biomedical and biotechnological applications. Due to their planar chirality, benzylic functionalized [2.2] paracyclophanes play an important role as ligands in asymmetric synthesis, for example, the addition of diethyl zinc to ketones and aldehydes. [7] Although this substance class is well-explored, there exist only a few examples of thiol-containing derivatives of [2.2] paracyclophanes. [8] A straightforward approach towards [2.2] paracyclophanemethylthiols could be based on a thione-thiol rearrangement (benzyl Schçnberg rearrangement), but this rearrangement has only been reported for alkyl and aryl xanthates under high temperatures and harsh conditions. [9, 10] Here, we report a convenient route for the preparation of (rac)-4-thiomethyl [2.2] paracyclophane derivatives under unusually mild reaction conditions.
The introduction of a carbonyl function to [2.2] paracyclophane can easily be achieved via electrophilic substitution using a Lewis acid, for example, aluminum trichloride. For representing investigations, the four different carbonyl compounds 1 a-d were synthesized. [11] The corresponding alcohols 2 a-d were synthesized from 1 a-d in good yields using sodium boronhydride in ethanol or lithium aluminum hydride in dry THF. [13] The diastereomeric ratio of the resulting products can be varied by the choice of the reducing agent. The diastereomers were separated using flash chromatography.
However, the diastereomers of 2 c could not be separated with common techniques. 4-Formyl[2.2]paracyclophane (1 a) showed an unexpected low reactivity towards sodium boronhydride, hence lithium aluminum hydride was used according to literature.
or benzyl bromide to give the desired S,O-dithiocarbonates in moderate to excellent yields. [14] The aqueous work-up had no effect on the dithiocarbonate functionality of compounds 3 a-Me and 3 a-Bn. However, a partially rearrangement could be observed during purification (vide infra).
Moreover, the dithiocarbonate 3 b-Me already rearranged during work-up: it reacted immediately with water or semi-saturated ammonium chloride solution, which resulted in 30 % loss of the product due to a Chugaev-like elimination of the dithiocarbonate. The formed 4-vinyl [2.2] paracyclophane is known in literature. [15, 16] In contrast to all other investigated substances, 3 c-Me did not rearrange, either during work-up or during purification, and could be obtained as a pure yellow solid.
The dithiocarbonate 3 d-Bn rearranged under the influence of water or aqueous solutions, which resulted in quantitative conversion into the corresponding S,S-dithiocarbonates. A S N 1 mechanism, according to the strong mesomeric stabilization and size of the formed cation, can be expected. After crystallization from dichloromethane and hexane, crystals were obtained for X-ray diffraction that corroborate the postulated S,S-carbonate structure ( Figure 1 ).
To ensure that the conditions for the rearrangement were comparable to the conditions during chromatographical separation, a suspension of silica gel in various solvents was chosen. To compare this method with another set of conditions, the substrates were also added to a solution acidified with acetic acid or trifluoroacetic acid, as shown in Table 4 .
The diastereomeric ratio of 3 c-Me changed during the rearrangement from 7:10 to 2:13, while the diastereomeric ratio of 4 c-Me was 3 : 10.
The results show that silica gel can be used as an efficient catalyst for the thione-thiol rearrangement in nonpolar and aprotic solvents. In a simple work-up proce- Yield (%) Product [b] Yield (%) dure, the suspension can be filtered off with the product remaining in solution.
The rearrangement can also be catalyzed using a strong acid in low-polar solvents, but this method might not be as tolerant to acid-sensitive groups as the method mentioned above.
Representative Experimental Procedures
Solvents and chemicals used for reactions were ordered from VWR and used without further purification. The reactions were carried out under argon. Thin-layer chromatography (TLC) was carried out on silica gel plates (Kieselgel 60, F254, Merck) with detection by UV light.
The compounds 1 a-d were synthesized according to literature. [11] The compounds 2 a-b and 2 d were synthesized according to literature. [13] (S p /R)/(R p /S) and ( .00 equiv) (2 a) was dissolved in dry THF (10 mL) and cooled to 0 8C. Sodium hydride suspension (24 mg, 0.60 mmol, 1.20 equiv) was added and the suspension was stirred at room temperature for 1 h. The reaction mixture was cooled to 0 8C and carbon disulfide (64 mL, 1.05 mmol, 2.10 equiv) was added via cannula. The yellow solution was stirred for 12 h at room temperature, cooled down to 0 8C and methyl iodide (38 mL, 0.60 mmol, 1.20 equiv) was added. After stirring for further 6 h at room temperature, the reaction mixture was washed with semi-saturated ammonium chloride solution and brine. The organic layer was dried over magnesium sulfate and the solvent was removed under reduced pressure. The product was obtained (195 (2) 
2]paracyclophan-4-yl)methyl dithiocarbonate (3 a) (40.0 mg, 0.12 mmol) was added to a suspension of 2.2 g silica gel in hexane (5 mL) and stirred for 12 h at room temperature. The reaction mixture was filtered and rinsed with 10 mL dichloromethane. After removal of the solvent a yellow solid was obtained (38 %, 90 %) and the yield was ascertained using NMR spectroscopy. (5) 2]Paracyclophan-4-ylphenylmethanol were dissolved in 50 mL dry THF and cooled down to 0 8C. After the addition of sodium hydride suspension (270 mg, 6.64 mmol, 1.20 equiv) in small portions, the reaction mixture was stirred for 1 h at room temperature. The suspension was cooled to 0 8C and carbon disulfide (0.75 mL, 11.7 mmol, 0.89 g, 2.10 equiv) was added dropwise via cannula. The reaction mixture was vigorously stirred at room temperature for 12 h. After cooling to 0 8C benzyl bromide (0.85 mL, 7.19 mmol, 1.23 g, 1.30 equiv) was slowly added. The mixture was stirred for 3 h at room temperature and then quenched with water and diethyl ether. The aqueous phase was separated and extracted with dichloromethane. The combined organic layers were washed with brine and dried over magnesium sulfate. After removal of the solvent under reduced pressure a pale, yellow, slowly hardening solid remained. The residue was purified using column chromatography (hexane : ethyl acetate 15 : 1) yielding the product as a yellow solid (2.30 g, 4.81 mmol, 87 %). Diastereomeric ratio 20 : 11. A separate analysis of the two diastereomers was not possible. + peak could be detected. The structure was verified using X-ray diffraction (Figure 1 ; CCDC-830691).
Summary
A method for the synthesis of benzylic S,S-[2.2]paracyclophanemethyldithiocarbonates using S,O-dithiocarbonates was described. The precursors can be prepared in good yields. The thione-thiol rearrangement leading to the desired products can be catalyzed with silica gel and works even at room temperature.
